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Abstract
Moraxella catarrhalis is an established bacterial pathogen, previously thought to be an innocent commensal of the respiratory tract of
children and adults. The objective of this study was to identify signiﬁcant risk factors associated with M. catarrhalis colonization in the
ﬁrst year of life in healthy Dutch children. This study investigated a target cohort group of 1079 children forming part of the Genera-
tion R Study, a population-based prospective cohort study following children from fetal life until young adulthood, conducted in
Rotterdam, The Netherlands. Nasopharyngeal swabs for M. catarrhalis culture were obtained at 1.5, 6 and 14 months of age, with all
three swabs being available for analyses from 443 children. Data on risk factors possibly associated with M. catarrhalis colonization were
obtained by questionnaire at 2, 6 and 12 months. M. catarrhalis colonization increased from 11.8% at age 1.5 months to 29.9% and
29.7% at 6 and 14 months, respectively. Two signiﬁcantly important colonization risk factors were found: the presence of siblings and
day-care attendance, which both increased the risk of being positive for M. catarrhalis colonization on two or more occasions within the
ﬁrst year of life. Colonization with M. catarrhalis was not associated with gender, educational level of the mother, maternal smoking,
breast-feeding, or antibiotic use. Apparently, crowding is an important risk factor for early and frequent colonization with M. catarrhalis
in the ﬁrst year of life.
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Introduction
Moraxella catarrhalis is an acknowledged respiratory tract
pathogen [1]. The bacterium has the capacity to colonize the
nasopharynx, and may be isolated in pure culture or
together with other bacterial pathogens, e.g. Staphylococcus
aureus, Streptococcus pneumoniae and/or Haemophilus inﬂuen-
zae [2]. Although colonization does not always result in dis-
ease, it may be the ﬁrst step towards invasive disease, and a
source of horizontal spread of M. catarrhalis in the commu-
nity [3]. Children are frequently colonized with M. catarrhalis,
and frequent colonization with M. catarrhalis has been
reported to increase the risk of otitis media (OM) [4]. Risk
factors associated with M. catarrhalis colonization have been
previously studied in several countries and age groups, and
the ﬁndings have indicated that crowding and contact with
children are risk factors for colonization, not only for M. ca-
tarrhalis, but also for S. pneumoniae and H. inﬂuenzae [5].
Other reported risk factors are genetics [6,7], smoking [8],
socio-economic status [9], synergy and interference with
other microorganisms [10,11], frequency and location of
sampling [12], season [12], gender [13], and vaccination [14].
However, medical and living conditions in The Netherlands
may be quite different from those in other countries. For
example, there is a restrictive prescription policy for antibi-
otic usage. These differences could lead to differences in
M. catarrhalis epidemiology and colonization rate in The
Netherlands, as compared with other countries.
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The objective of this study was to assess risk factors
for M. catarrhalis colonization in the ﬁrst year of life in
healthy Dutch infants within a geographically restricted
environment (Generation R Focus cohort, living in Rotterdam,
The Netherlands).
Materials and Methods
This study was embedded in the Generation R Study, a pop-
ulation-based prospective cohort study following children
from fetal life until young adulthood, conducted in Rotter-
dam, The Netherlands [15,16]. As part of the Generation R
Study, detailed assessments of fetal and post-natal growth
and development were conducted in 1232 Dutch pregnant
women and their children (Generation R Focus cohort), who
were born between February 2003 and August 2005. The
Medical Ethics Committee of the Erasmus Medical Centre,
Rotterdam, The Netherlands has approved the study.
Written informed consent was obtained from the parents of
the children who were included. The mothers gave birth to
1244 infants, 138 of whom were excluded from the study
analysis because consent was withdrawn after birth. Twins
(n = 27) were also excluded from the analysis because of
genetic relatedness, leaving a ﬁnal total of 1079 infants.
Infants visited the Generation R Focus cohort research
centre at 1.5 months (n = 884), 6 months (n = 882) and
14 months (n = 863) after birth, resulting in 627 swabs being
successfully taken at 1.5 month, 832 swabs at 6 months, and
757 swabs at 14 months. Seven hundred and ﬁfty-eight
infants attended all visits, and 443 provided three swabs for
use in longitudinal analysis. Nasopharyngeal samples were
taken using a sterile transport swab suitable for aerobes and
anaerobes by a trained research nurse, using Amies trans-
port medium. Infants treated with antibiotics in the preceding
48 h were excluded from nasopharyngeal sampling [15,16].
Swabs were processed within the medical microbiology labo-
ratory of the Erasmus MC, Rotterdam, The Netherlands,
within 6 h of sampling, using blood agar plates containing 5%
sheep blood at an incubation temperature of 35C in 5%
CO2 for 48 h. Plates were examined daily for growth of
M. catarrhalis.
Information related to determinants of colonization (birth-
weight, gestational period, gender, educational level of the
mother, breast-feeding, maternal smoking (prenatal and post-
natal), day-care attendance, presence of siblings, and antibi-
otic usage) was obtained from midwives, from hospital
registries and by questionnaire at infant ages of 2, 6 and
12 months. Binary logistic regression analysis was used to
determine signiﬁcant associations between the parameters
described above and M. catarrhalis colonization. Additionally,
multivariate analysis was performed to adjust for confounding
factors. All variables from the univariate analysis were
included in the multivariate model. For all determinants the
missing values were modelled as a separate category and
thus adjusted for in all analyses. Statistical analyses were
performed using the Statistical Package of Social Sciences
version 15.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
Characteristics of the study participants are shown in Table 1.
The prevalence of M. catarrhalis increased from 11.8% at the
age of 1.5 months to 29.9% at the age of 6 months and
29.7% at the age of 14 months. The corresponding cumula-
tive colonization rates were 12% (74/627), 22% (323/1459),
and 25% (548/2216). The presence of siblings at the age of
1.5 months (adjusted OR (aOR) 2.36, 95% CI 1.37–4.06) and
TABLE 1. Characteristics of infants enrolled in the study
(N = 1079)
Variable
Birthweight (kg) 3.509 (0.538)
Gestational period (weeks) 40.3 (37.1–42.1)
Gender, n (%)
Female 521 (48.3)
Male 558 (51.7)
Mother’s educational level, n (%)
Lower/intermediate 382 (35.9)
Higher 683 (64.1)
Pre-natally smoking mother, n (%)
No 885 (87.5)
Yes 127 (12.5)
Post-natally smoking mother, n (%)
No 606 (87.1)
Yes 90 (12.9)
Siblings, n (%)
No 583 (61.1)
Yes 371 (38.9)
Day-care attendance, n (%)
No 164 (20.0)
Yes 654 (80.0)
Breast-feeding at 2 months, n (%)
No 332 (33.5)
Yes 659 (66.5)
Breast-feeding at 6 months, n (%)
No 714 (70.6)
Yes 297 (29.4)
Moraxella catarrhalis at 1.5 months, n (%)
No 553 (88.2)
Yes 74 (11.8)
M. catarrhalis at 6 months, n (%)
No 583 (70.1)
Yes 249 (29.9)
M. catarrhalis at 14 months, n (%)
No 532 (70.3)
Yes 225 (29.7)
Birthweights are presented as mean and standard deviation. Gestational period,
with a skewed distribution, is presented as a median with a 95% range.
Incomplete data parameters included: educational level of the mother (n = 14),
prenatally smoking mother (n = 67), postnatally smoking mother (n = 383), sib-
lings (n = 125), day-care attendance (n = 261), breast-feeding at 2 months
(n = 88) and 6 months (n = 68), 1.5-month swab (n = 452), 6-month swab
(n = 247), and 14-month swab (n = 322).
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14 months (aOR 1.73, 95% CI 1.02–2.91) and day-care atten-
dance at the age of 6 months (aOR 2.57, 95% CI 1.35–4.89)
and 14 months (aOR 5.39, 95% CI 2.30–12.64) were found
to be signiﬁcant risk factors for colonization with M. catarrhal-
is. However, gender, educational level of the mother, mater-
nal smoking and breast-feeding were found to be non-
signiﬁcant (Table 2). Additionally, children who were colo-
nized twice or more with M. catarrhalis were signiﬁcantly
more likely to have siblings (aOR 2.22, 95% CI 1.20–4.13)
and attend day-care centres (aOR 5.34, 95% CI 1.67–20.41)
(Table 3).
In this study, no antibiotics were given 48 h before the
swabs were taken. Of the 1079 children enrolled in the
study (all of whom were swabbed at least once), 93 children
received antibiotics in the ﬁrst 6 months after birth. Two
hundred and twenty-seven children received antibiotics
between 6 and 12 months of age, and 109 children received
antibiotics in the ﬁrst 12 months after birth. Two hundred
and seventy-six children did not receive any antibiotics in
their ﬁrst year of life. There was no signiﬁcant association
between antibiotic use in the ﬁrst 6 months after birth and
M. catarrhalis colonization at 6 months, or antibiotic use in
the ﬁrst year of life and M. catarrhalis colonization at
14 months (data not shown).
Discussion
In this study of a large number of Dutch children, born in
Rotterdam between February 2003 and August 2005, an
increase in M. catarrhalis colonization prevalence was
observed, from 11.8% at 1.5 months of age up to almost
30% at the ages of 6 and 14 months, where a ‘plateau’ phase
of colonization was seen. The corresponding cumulative
acquisition rates were 12%, 22%, and 25%, respectively.
TABLE 2. Factors associated with Moraxella catarrhalis colonization at 1.5, 6 and 14 months of age
M. catarrhalis 1.5 months M. catarrhalis 6 months M. catarrhalis 14 months
OR aOR OR aOR OR aOR
Birth weight (kg) 1.13 (0.70–1.83) 1.08 (0.59–1.99 1.11 (0.83–1.48) 1.27 (0.76–2.14) 1.59 (1.16–2.19) 1.40 (0.76–1.35)
Gestational period (weeks) 0.99 (0.85–1.16) 0.96 (0.79–1.18) 1.04 (0.94–1.14) 1.02 (0.86–1.22) 1.15 (1.03–1.28) 1.09 (0.88–1.35)
Gender
Male 1.00 1.00 1.00 1.00 1.00 1.00
Female 1.38 (0.84–2.25) 1.43 (0.86–2.38) 1.07 (0.79–1.44) 1.29 (0.85–1.97) 0.84 (0.61–1.16) 0.73 (0.45–1.21)
Educational level mother
Higher 1.00 1.00 1.00 1.00 1.00 1.00
Lower/intermediate 0.76 (0.44–1.30) 0.65 (0.37–1.17) 0.75 (0.54–1.03) 0.92 (0.55–1.52) 0.75 (0.53–1.06) 1.39 (0.78–2.49)
Prenatal smoking mother 0.94 (0.41–2.16) 0.92 (0.34–2.51) 0.77 (0.47–1.25) 1.11 (0.44–2.81) 0.54 (0.30–0.97) 1.41 (0.50–3.97)
Postnatal smoking mother 0.76 (0.29–1.99) 0.81 (0.27–2.41) 1.01 (0.57–1.79) 1.08 (0.45–2.59) 0.91 (0.50–1.67) 0.91 (0.33–2.49)
Siblings 2.40 (1.41–4.09) 2.36 (1.37–4.06) 1.06 (0.76–1.48) 1.27 (0.81–2.00) 1.61 (1.15–2.27) 1.73 (1.02–2.91)
Day-care attendance N.A. N.A. 2.75 (1.65–4.57) 2.57 (1.35–4.89) 2.38 (1.44–3.94) 5.39 (2.30–12.64)
Breast feeding at 2 months
Yes 1.00 1.00 1.00 1.00 1.00 1.00
No 1.18 (0.69–2.01) 1.33 (0.76–2.35) 0.83 (0.59–1.16) 0.73 (0.43–1.23) 0.86 (0.60–1.24) 0.92 (0.49–1.71)
Breast feeding at 6 months
Yes N.A. N.A. 1.00 1.00 1.00 1.00
No 0.90 (0.64–1.27) 1.26 (0.75–2.10) 0.93 (0.65–1.33) 1.24 (0.67–2.32)
M. catarrhalis at 1.5 months N.A. N.A. 1.09 (0.58–2.02) 0.81 (0.41–1.60) 1.79 (0.98–3.27) 1.38 (0.63–3.02)
M. catarrhalis at 6 months N.A. N.A. N.A. N.A. 1.52 (1.04–2.23) 1.06 (0.61–1.84)
Values represent crude odds ratios (OR) and adjusted odds ratios (aOR) including 95% conﬁdence intervals. Birth weight and gestational period were included in the models
as continuous variables; all other parameters were included as binary variables. Signiﬁcant ORs are shown in bold.
TABLE 3. Determinants of frequent Moraxella catarrhalis
colonization events in the ﬁrst year of life
M. catarrhalis colonization twice or more
OR aOR
Birth weight (kg) 1.58 (0.87–2.87) 1.27 (0.60–1.41)
Gestational period (weeks) 1.14 (0.93–1.41) 1.08 (0.83–1.41)
Gender
Male 1.00 1.00
Female 1.17 (0.67–2.06) 1.13 (0.62–2.04)
Breast feeding at 6 months
Yes 1.00 1.00
No 1.81 (0.91–3.58) 1.72 (0.82–3.60)
Educational level mother
Higher education 1.00 1.00
Lower/intermediate education 0.86 (0.47–1.56) 1.17 (0.59–2.31)
Prenatal smoking mother
No 1.00 1.00
Yes 0.93 (0.34–2.53) 1.22 (0.35–4.17)
Postnatal smoking mother
No 1.00 1.00
Yes 0.74 (0.25–2.21) 0.82 (0.22–3.03)
Siblings
No 1.00 1.00
Yes 2.31 (1.29–4.14) 2.22 (1.20–4.13)
Day-care attendance
No 1.00 1.00
Yes 6.55 (1.98–21.69) 5.84 (1.67–20.41)
Values represent crude odds ratios (OR) and adjusted odds ratios (aOR) includ-
ing 95% conﬁdence intervals.
Incomplete data parameters included: breastfeeding (n=10), educational level of
the mother (n=3), prenatal smoking mother (n=14), postnatal smoking mother
(n=60), siblings (n=18) and day-care attendance (n=54). Signiﬁcant ORs are
shown in bold.
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The ﬁgure of 12% at 1.5 months is almost identical to that
of a US study dating from 1997, although in this latter study
the cumulative colonization rates at the ages of 6 and
12 months were approximately 55% and 70%, respectively
[4]. A reason for the difference in the cumulative colonization
rates between The Netherlands and the USA is not available,
although geographical and/or chronological differences in the
genetic background of both bacteria and the human hosts
cannot be ruled out. Interestingly, both studies indicated a
peak in cumulative colonization rates at approximately
6 months of age (although this peak was much lower in the
Rotterdam study). It appears, therefore, that geographically
and/or chronologically distinct child populations remain
susceptible to M. catarrhalis colonization up to approximately
6 months of age, but that after this time the cumulative
acquisition and elimination rates of M. catarrhalis remain
constant. This phenomenon may be due to the development
of a more effective immune response against M. catarrhalis
colonization, possibly as a consequence of children acquiring
and eliminating genotypically distinct strains [17,18].
Of the environmental factors investigated in this study,
only the presence of siblings within the family and day-care
attendance were found to be signiﬁcantly associated with the
risk of acquiring M. catarrhalis. Moreover, both risk factors
were also signiﬁcantly associated with an increased frequency
of colonization. Previous studies in France and Sweden have
also identiﬁed both of these environmental factors as con-
tributing signiﬁcantly to M. catarrhalis colonization [19,20].
From these ﬁndings, it appears likely that crowding is a glo-
bal risk factor in facilitating M. catarrhalis colonization. Fur-
thermore, this phenomenon is not only conﬁned to the
home environment but has also been found to be related to
the hospital environment, as a recent publication indicated
that multi-bed wards constituted a signiﬁcant risk factor for
patient-to-patient M. catarrhalis transmission in adults [21].
No signiﬁcant association between the use of antibiotics
and colonization with M. catarrhalis at 6 and 14 months of
age was observed in this study. This means that there was
no signiﬁcant increase, or decrease, in colonization rates in
children receiving antibiotics as compared with children who
had received no antibiotics. In contrast, Varon et al. [19]
studied 629 children with respiratory tract infections in
France, and cultured nasopharyngeal swabs before and after
antibiotic treatment. In this study, a signiﬁcant decrease in
the nasopharyngeal carriage of M. catarrhalis was observed
after antibiotic treatment. However, the antibiotics used
included amoxycillin–clavulanate, ceﬁxime, erythromycin–
sulﬁsoxazole, and cefpodoxime, antibiotics that are particu-
larly effective against M. catarrhalis. In another study, Molstad
et al. [22] showed that increasing use of antibiotics was asso-
ciated with an increase in b-lactam resistance in M. catarrhalis.
This effect may be reduced by enforcing strict national
antibiotic prescription policies, as demonstrated by data
obtained from Denmark [23]. Unfortunately, our study did
not have access to individual antibiotic prescription patterns.
Furthermore, The Netherlands has a strict policy on (limiting)
antibiotic usage and the number and type of antibiotics that
may be prescribed, although the use of amoxycillin–clavulanic
acid is increasing in children [24]. In any case, antibiotic
resistance rates in bacteria obtained from the nasopharynx of
children who have not previously been treated with anti-
biotics may be relatively high. For example, Faden et al. [25]
reported M. catarrhalis resistance rates of 90% for amoxycillin
and 19% for trimethoprim–sulphamethoxazole in children
who had not previously been treated with such antibiotics.
Pre-natal and post-natal smoking was not found to be a
signiﬁcant risk factor for M. catarrhalis colonization, which is
in contrast with the study of Brook and Gober [8], who
found that the nasopharynx of healthy children of smokers
harbours a high number of pathogens that are similar to the
bacterial ﬂora found in their parents when compared with
healthy children and non-smoking parents (p <0.005). In a
previous study by Principi et al., it was shown that passive
smoking was not a signiﬁcant risk factor for M. catarrhalis
colonization, which agrees with our ﬁndings if we consider
that children whose parents smoke are likely to be passively
exposed to cigarette smoke.
Breast-feeding was not a signiﬁcant risk factor. Breast-
feeding has been found to be beneﬁcial in reducing the risk
of respiratory infections, but appears not to be signiﬁcant
with respect to bacterial nasopharyngeal colonization rates
[26–28].
In conclusion, the presence of siblings and day-care atten-
dance are important independent risk factors for M. catarrhalis
colonization in infants in The Netherlands. Consequently,
crowding is an important risk factor for early (and frequent)
colonization. The M. catarrhalis cumulative colonization rate
increases until a peak is reached at 6 months of age, where-
upon a colonization plateau is observed. This plateau could be
a consequence of clearing of maternal antibodies or the devel-
opment of a more effective immune response against the many
different M. catarrhalis genotypes circulating in the ﬁrst year of
life, although this hypothesis requires further investigation.
Finally, this study was set up purely to investigate the
genetic and environmental factors associated with nasopha-
ryngeal carriage of respiratory bacterial pathogens in infancy.
Although information about (presumed) OM episodes is avail-
able for this study, the diagnosis of OM was based on paren-
tal reports (postal questionnaires at infant ages of 6, 12 and
24 months). Mothers were asked whether their children suf-
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fered from fever in the preceding period, whether this period
of fever was accompanied by earache, and whether they had
visited a general practitioner. The diagnosis of (presumed)
OM required the presence of at least one period of fever
accompanied by earache for which a doctor was visited.
However, no association was found between the frequency
of M. catarrhalis colonization and OM using these criteria (J.
A. M. Labout, personal communication). Studies have shown
that the use of parental reporting for the deﬁnition of a clini-
cal symptom may inﬂuence the outcome of epidemiological
research [29,30]. In order to collect more deﬁnite data, OM
should be diagnosed by a medical practitioner in our future
studies [4]. Additional studies will be necessary in order to
investigate the effect of (multiple) colonization events on the
prevalence of upper respiratory tract disease in infants.
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